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 Vertical stratification contributes to the great diversity of insects found in tropical 
rainforests. Due to differences in both biotic and abiotic factors, different strata of the 
forest provide different habitats for insects. A previous study in French Guiana revealed 
that wood-boring cerambycid beetles preferentially colonized branches at ground level in 
the dry season, but shifted to canopy level in the rainy season. The current beetle-rearing 
study was conducted to confirm the occurrence of this seasonal shift, explore possible 
causes, and to determine if similar microclimate conditions occurred at ground level in 
the dry season and the canopy level in the rainy season. Kestrel Pocket Weather Meters 
were placed at canopy and ground stratum (August 2007–September 2008). Microclimate 
data were regressed against beetle distribution for the species classified as “seasonal 
shifters.” They colonized branches at an optimal vapor pressure deficit range from 0–0.78 
Pa (representing temperatures ranging from 22.7–24.2 °C, at relative humidities ranging 
from 91.9–100%). Cerambycid microclimate preferences may help us predict how these 
ecologically important beetles will respond to modifications in environmental conditions 
due to climate change and forest fragmentation. 
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Anybody who climbs a rain forest tree will immediately notice the transformation 
in microclimate from the dark, humid understory to the canopy of the tree. One would not 
be surprised, then, that these differences affect the kinds of organisms that are found at 
various parts of the rainforest. Vertical stratification is the distribution of organisms at 
different levels of the forest; these levels provide varying microhabitats. Stratification has 
been shown with insects in a number of rainforests around the world. Campos et al. 
(2006) found that insect herbivore assemblages in Brazil increased in abundance and 
species richness with height. Charles and Basset (2005) found similar patterns in Panama, 
where the canopy was significantly more species-rich than the understory. However, in a 
Malaysian forest, beetle species richness was found to be significantly lower in the 
canopy (Chung 2004). Stork et al. (2008) found species richness was similar between 
ground and canopy in an Australian forest. 
Vertical stratification can be caused by both biotic and abiotic factors (Basset et 
al. 2003) that vary between the ground and canopy levels. Different strata provide food of 
differing quality, which may influence the stratum in which an organism lives. The 
complex tree architecture of the canopy offers a disproportionate amount of young 
leaves, budding flowers, and fruits, while the ground is particularly rich in resources such 
as woody debris, decaying leaves, and dung (Grimbacher & Stork 2007). The uneven 
distribution of biotic resources in a forest can attract a diverse group of consumers and 
detritivores, depending on their foraging needs. 
Abiotic factors such as sunlight, temperature, humidity, and wind can affect the 
diversity of species by increasing niche diversity. Varying insect activity throughout the 
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year, or seasonality, is impacted by climate conditions (Speight et al. 2008). On a smaller 
scale, microclimate, or climate at a small scale (up to 1000 m), also affects multiple 
aspects of organismal life, and changes in microclimate at different levels of the forest 
may be another cause of vertical stratification.  
Levels of tolerance to microclimatic factors may determine the distributions of 
various organisms. For instance, some beetles are more sensitive to increasing 
temperatures due to greater susceptibility to desiccation (Linsley 1959). Distributions of 
Haemagogus sp. and Sabethes sp., two species of mosquito in the Eastern Amazonian 
forest of Brazil, are affected by light, temperature, relative humidity, and rainfall (Pinto et 
al. 2009). Kaspari and Weiser (2000) found that ants in a Panamanian rainforest traveled 
along a moisture gradient – their activity increased as humidity levels increased. In lower 
temperatures, butterflies lay larger eggs than they would at higher temperatures (Fischer 
et al. 2003). 
Cerambycid beetles, one of the largest beetle families in the world, demonstrate 
both seasonality and vertical stratification. Toledo et al. (2002) found that in a Mexican 
tropical dry forest, 71% of cerambycids were collected during the rainy season. Results 
of trapping experiments conducted in different types of forests all support the idea of 
stratification. In Brazil, cerambycids increased in abundance along a vertical gradient 
from as low as 8.3 m above ground to as high as 35.5 m (Campos et al. 2006). In a North 
American deciduous forest, cerambycids were found at both the canopy and ground 
levels, although more were found in the canopy (Ulyshen & Hanula 2007). In a Hawaiian 
montane forest, Goldsmith (2007) found significantly more cerambycids on branches of 
lower mountain elevation than high. Finally, significantly more species of xylophages 
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(including cerambycids) were found in the canopy than the ground of an Australian 
tropical rainforest (Grimbacher & Stork 2007). 
Cerambycids comprise 35,000 described species (Lawrence, 1982). They play an 
important role in the decomposition of wood – particularly the process of reducing wood 
to humus. During decomposition, the minerals that were sequestered by the tree are 
returned to the soil, increasing soil fertility (Laiho & Prescott 1999). The females of 
many cerambycid beetle species oviposit into freshly dead or damaged wood with 
persistent bark that protects the larvae during their immature stages (Linsley 1959). As 
the larvae feed and grow, they create feeding galleries at the cambium layer underneath 
the bark (Tavakilian et al. 1997). Therefore, for many cerambycid species, freshly fallen 
trees or branches are an essential resource.   
Trees in the Brazil nut family (Lecythidaceae) are associated with a well-defined 
guild of specialist cerambycids (Tavakilian et al. 1997, Berkov 2002). In French Guiana, 
Berkov and Tavakilian (1999) studied their host, stratum, and seasonal specificity. To 
investigate stratification, they placed bait branches at ground and canopy levels. The 
authors initially hypothesized that canopy branches would be colonized poorly due to 
desiccation caused by increased exposure to sunlight. They reared few canopy specialists 
(species that emerged almost exclusively from branches in the canopy), but noted that 
when bait branches were cut during the rainy season, most individuals emerged from the 
canopy baits. Species of Palame were considered stratum generalists, but made a 
seasonal shift in stratum: in the dry season they usually colonized ground branches, but in 
the rainy season they only colonized canopy branches. Berkov and Tavakilian (1999) 
proposed that high levels of ground moisture during the rainy season promoted prolonged 
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metabolic activity in the severed branches, but might also lead to rapid fungal attack 
when the branches die, leaving the wood less suitable for larval development. They also 
proposed that, during the rainy season, the volatile molecules that attract beetles to the 
host might fail to circulate in the moisture-saturated atmosphere of the forest understory. 
To further investigate this colonization pattern, a second study (from August 2007 
through August 2008) was conducted at the same site, using a subset of the original trees. 
My objectives were to determine whether ecological classifications of seasonal 
specificity proposed in Berkov and Tavakilian (1999) remained stable and, more 
specifically, to test whether the beetles were indeed making a seasonal shift in stratum 
(and if so, which species were making that shift). My final objective was to explore the 
effects of microclimate variables on branch colonization. I hypothesized that the 
microclimatic variables would be most similar between the ground level in the dry season 
and the canopy level in the rainy season, because the “seasonal shifters” were 
preferentially colonizing those branches. Furthermore, I hypothesized that it would be 
possible to determine optimal microclimate conditions for beetles with different niches. 
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Materials & Methods 
Study site in central French Guiana 
 This study was conducted in the lowland moist tropical forest surrounding Les 
Eaux Claires, a (currently deserted) homestead approximately 7 km N of the village of 
Saül in French Guiana (3°37–39!N, 53°12–13!W). The forest is hilly with altitudes 
ranging from 200 to 400 meters above sea level. The soils of the area are generally well 
drained. The main dry season is between July and November, followed by an early rainy 
season starting in either November or December. There is a two-week dry spell in either 
March or April, followed by the main rainy season, which starts in May or June (Berkov 
& Tavakilian, 1999). 
 
Experimental design: beetle rearing 
 All trees that were used in this experiment were located within 1 km of the 
homestead along the Sentier Botanique (or in one case, the Route de Bélizon); they were 
previously vouchered by S.A. Mori (Berkov & Tavakilian, 1999). A. Berkov and A. Baxt 
made two cuts of branches: one in the dry season (26-28 August 2007), and the other in 
the rainy season (17-20 January 2008). The following protocol was followed for both. 
 Berkov and Baxt sampled three species of Lecythidaceae: Eschweilera coriacea 
(A. P. de Candolle) S.A. Mori, henceforth referred to as EC (N = 4, voucher numbers: 
M24078, M24083, M24084, M24086), Lecythis poiteaui O. Berg, henceforth referred to 
as LP (N = 4, voucher numbers: M24175, M24176, M24177, M24178), and a single 
specimen of Gustavia hexapetala (Aublet) J. E. Smith, henceforth referred to as GH 
(voucher number: M24112). A branch was cut from each tree and from that branch, one 
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piece (approximately 8 cm diameter x 65 cm length) was severed and used as canopy bait 
while the remainder of the branch was left on the ground as ground bait. Each canopy 
bait was suspended in the canopy of the tree from which it was severed. The bait 
branches were then left in their respective areas to attract beetles and allow oviposition.  
Approximately three months after the branches were initially cut (Figure 1), they 
were collected and prepared for cages constructed with Noseeum netting. Each canopy 
bait branch was placed into an individual cage. Each of the ground branches was cut into 
nine segments of shorter lengths: three large (approximately 8 cm x 65 cm) and six small 
(approximately 2 cm x 65 cm). The three large ground pieces were kept in one cage while 
the six small ground pieces were kept in another cage, which resulted in three cages for 
each sampled tree: one with the canopy bait, one with the three large ground branch 
sections, and one with the six small ground branch sections. The discrepancy in bait size 
does affect beetle distribution; small species are preferentially associated with branches 
with intact leaves (Berkov, pers. comm.). This protocol is, nevertheless, preferred 
because it increases beetle yield: in Berkov and Tavakilian’s (1999) balanced design, 
numerous cerambycid species were missing from small ground baits, and furthermore, 
canopy baits, which were initially girdled rather than severed and suspended, often failed 
to die and were sparsely colonized. Although the current protocol incorporates a 
discrepancy in the size of baits available on the ground and in the canopy, it is consistent 
from tree to tree and from season to season. 
Cages were monitored daily for beetle emergences. As the adult beetles emerged 
from the branches, they were collected, identified (when possible), and preserved in vials 
of 100% EtOH. The emergence date, host plant species, specific host individual, and size 
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and stratum of bait branch (large canopy, large ground, or small ground) were noted. The 
beetles were then transported back to the Berkov laboratory at The City College of New 
York. Using a stereoscopic microscope (Nikon Model SMZ645), I confirmed species 
identifications, measured body lengths, and when possible, noted gender. 
 
Experimental design: microclimate data 
 A. Baxt placed Kestrel pocket weather meters (models 4000 or 4100, Nielsen-
Kellerman, Boothwyn, PA) at both ground and canopy levels of four trees: LP (N = 2) 
and EC (N = 2). Because LP is a taller species, its canopy Kestrels were placed at 32.92 
m and 32.31 m above ground, while the EC canopy Kestrels were placed at 26.82 m and 
24.99 m above ground. All ground level meters were placed at approximately 1 m above 
ground. Each Kestrel recorded measurements of wind speed (WS, in km/h), temperature 
(T, in °C), and relative humidity (RH, in %) every twenty minutes for the length of the 
experiment (September 2007 through July 2008, although there was periodic loss of data 
due to equipment failure). Rainfall was measured each day using an All-Weather Rain 
Gauge. 
 
Data analysis: Seasonality, stratum specialization, and seasonal shifters 
 Beetle species represented by ten or more specimens were included in analyses of 
seasonality and stratum specificity. Following Berkov (2002), a species was classified as 
either a dry or rainy season specialist if " 90 percent of the individuals emerged from 
branches cut during one season. A species was classified as a stratum specialist if " 90 
percent of the individuals emerged from either canopy or ground stratum branches 
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(regardless of season). The remaining species were classified as season or stratum 
generalists. Among the generalists, a species was designated a seasonal shifter if beetles 
emerged preferentially from one stratum in one season and a different stratum in the other 
season. For each species, I calculated the proportion of beetles that emerged from each 
stratum in each season. Goodness of fit (G) tests were used to see if, within each season, 
the number of beetles collected was proportional to the number of branch sections 
available in each stratum (Zar 1999). Data from thin branches were excluded from the G 
tests because it was not obvious whether resource availability would be more 
appropriately calculated as branch biomass or cambium biomass (and because very few 
beetles emerged from thin branches, their inclusion would have served to strengthen the 
effect; therefore, the test is conservative). 
 
Data analysis: microclimate data 
 I analyzed microclimate data collected during 29-day periods after the branches 
were cut (dry season, 28 Aug 2007 – 25 Sept 2007; rainy season, 22 Jan 2008 – 19 Feb 
2008, see Figure 1). This probably represents the time during which cerambycids mate 
and oviposit.  For T and RH, I calculated three parameters: mean of daily minimum 
values, mean of daily mean values, and mean of daily maximum values. I did not use the 
overall mean of all 29 days, since microclimate variables can vary greatly from day to 
day and at different times of the day (Chen et al. 1999). For WS, I also analyzed three 
parameters: number of wind gusts measured per day and the mean and maximum velocity 
of recorded wind gusts. 
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I first used ANOVA with post-hoc Tukey HSD pair-wise comparisons (JMP 
SAS) to determine if there were significant differences between the four partitions (Dry 
Ground, Dry Canopy, Rainy Ground, and Rainy Canopy). When there were significant 
differences among partitions, I then used the same analyses to determine significant 
differences within the partitions (from individual meters). All Tukey HSD comparisons 
were considered significantly different at an overall ! = 0.05. The same analyses were 
done for all microclimate variables. 
 
Data analysis: beetle & microclimate data correlation 
 To compare microclimate data to beetle emergence data, I used a second degree 
polynomial regression, which provided the most informative fit using a SCREE test 
(Cattell 1966). According to my hypothesis, microclimate of the ground in the dry season 
and the canopy in the rainy season should be most similar. I proposed that the peak of the 
regression would represent optimal microclimate conditions for a particular category of 
beetles (for instance, dry seasonal specialists or the seasonal shifters). 
To combine T and RH data, I calculated Vapor Pressure Deficit (VPD). VPD is 
the difference between the saturation point and the amount of moisture in the air at a 
specific temperature. VPD was calculated using the following formula: 
VPD = (100%-RH)*es 
where RH is expressed in percentage and es represents saturated vapor pressure. es was 
calculated using the following formula: 
ln(es/6.11) = (L/Rv)(1/273 - 1/T) 
 12 
where L = latent heat of vaporization (2.453 # 106 J/kg), Rv = gas constant for moist air 
(461 J/kg), and T = temperature (Kelvin; Salby et al. 1996). Mean VPD (Pa) values were 
calculated for each day in the 29-day period analyzed. 
 Daily mean VPD values for each of the metered trees were plotted against 
the proportion of each seasonal shifter species that emerged from the metered trees. To 
stabilize the variance of proportions of beetles, the data were angularly transformed as the 
arcsine of the square root of the proportion. I calculated the proportion of each seasonal 





A total of 1809 individual cerambycid beetles belonging to 25 species were 
collected (Table 1). Fifteen of the 25 species were represented by ten or more individuals 
(N = 1783; Table 2). Out of these fifteen species, I classified four species as dry season 
specialists, two species as rainy season specialists, and nine species as season generalists. 
Of the nine season generalists, five were seasonal shifters that emerged in greater 
abundance from ground branches during the dry season, but from canopy branches during 
the rainy season. While the season specialists accounted for relatively few individuals (N 
dry specialists = 202; N rainy specialists = 48), most individuals belonged to species 
classed as season generalists (N = 1533). Seasonal shifters constituted more than half of 
all beetles collected (N = 1109). 
In the dry season, 80 percent of all beetles emerged from ground branches, while 
20 percent emerged from canopy branches (Figure 2). These proportions are close to 
expected numbers if branch colonization were directly related to resource abundance 
(Table 3). However, in the rainy season, only 18 percent of the beetles emerged from 
ground branches, while 82 percent emerged from canopy branches. This shift in stratum 
preference occurred even though more branches were available on the ground in both 
seasons (Table 3, dry season: G = 6.92, df = 1, P = 0.008; Rainy season: G = 1274, df = 
1, P < 0.0001). 
 
Microclimate 
A. Baxt measured a cumulative rainfall from 26 August 2007 to 31 July 2008 of 
2894.7 mL. During the 29-day analysis period during the dry season, there was a 
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cumulative rainfall of 83.9 mL, and during the 29-day rainy season period, 312.9 mL 
(Figure 1). During both seasons the T, RH, and WS demonstrated diurnal patterns, with 
temperatures at their highest, and humidity levels lowest, in the late afternoon (Figure 3). 
There were no significant differences between partitions in minimum T (21.2 – 
21.6° C) or maximum RH (99.8  – 100%; Table 4). Mean and maximum T were 
significantly different for all partitions, with Dry Canopy the highest (mean T, 24.8 – 
25.5° C; max T, 30.7 – 33.8° C), followed by Dry Ground, Rainy Canopy, and Rainy 
Ground (Figure 4; mean T: 22.6 – 22.8° C; max T, 24.7 – 25.1 ° C; P < 0.0001, both 
mean and max). During the rainy season, minimum humidity levels at ground stratum 
remained at approximately 97.8%, and while it was typically slightly drier at canopy 
stratum the difference was not significant (Figure 4, Table 4). During the dry season, both 
strata were significantly less humid than they were during the rainy season (mean and 
max P < 0.0001).  During the dry season, although mean humidity remained fairly high 
(86.4% in the canopy and 93.1% on the ground), humidity levels dropped considerably 
during the afternoons (to approximately 54.6% in the canopy, and approximately 68.2% 
on the ground; Table 4). Wind gusts varied greatly among partitions, but the most wind 
gusts and highest velocities were measured in Dry Canopy, which was significantly 
higher than the number of gusts and velocities measured in the Rainy Canopy (P < 
0.0001). Ground stratum was consistently less windy that canopy stratum, but there were 
no significant differences between the seasons (Table 4).  
Within all partitions except rainy ground, there were significant differences in 
maximum T at different meters, but there were only significant differences in mean T 
within the Dry Canopy partition. Minimum and mean RH were significantly different for 
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meters within both the Dry Ground (minimum range: 64.1% – 73.4%; mean range: 91.3% 
– 94.8%) and Dry Canopy partitions (minimum range: 48.4% – 58.4%; mean range: 
83.6% – 91.9%; Table 4). 
 
Beetle & Microclimate Regression 
 SCREE test results showed R2 values for linear, 2nd degree, and 3rd degree 
polynomials to be 0.17, 0.19, and 0.19, respectively. The regression showed more beetles 
emerging between mean VPDs of 0 and 0.78 Pa (Figure 5). These VPD values 
correspond to T from 22.7 – 24.2°C, and RH of 91.9 – 100%, respectively. As VPD 





Beetles: then and now 
Twenty of the 25 cerambycids species reared in this study were previously reared 
at the same site (Berkov & Tavakilian 1999, Berkov 2002). Of the twelve seasonal 
generalists reared in both 1995 and 2007, nine had the same classifications. However, 
three species were classified differently. Ozineus sp. was classified as a stratum generalist 
in 1995 (N = 66), while I classified it as a ground specialist (N = 96). Oedopeza 
leucostigma was considered a ground specialist in 1995 (N = 232) but a stratum 
generalist (shifter) in my study (N =50).  
The third species discrepancy between 1995 and this study was the treatment of 
the three morphological forms of Palame crassimana: ‘olivacious’, ‘unicolor’, and 
‘bicolor’. In the previous study, only ‘unicolor’ and ‘bicolor’ were reared, and they were 
treated as a single species that was designated a family level specialist, but season and 
stratum generalist. Berkov (2002, unpublished data) established that all three are 
genetically distinct, and in this study, they are treated as three different species, with 
‘olivacious’ and ‘unicolor’ classified as canopy specialists, and ‘bicolor’ a stratum 
generalist. 
Within the beetles classified as season generalists, five seasonal shifter species 
accounted for the seasonal shift from ground level in the dry season to canopy level in the 
rainy season observed in 1995 and again in this study. The seasonal change phenomenon 





Microclimate has the potential to affect life histories of cerambycids in different 
ways. Different species have different preferences and tolerances, but all that have been 
studied seem to have optimal conditions – which can differ at different stages of 
development. Keena (2006) found that Anoplophora glabripennis had different optimum 
temperatures for egg hatching, fecundity levels, and longevity. When finding a mate, 
some beetles rely on pheromones, and males and females respond best to pheromones at 
an optimal temperature (Bento et al. 1993). Beetle flight activity is also affected by 
temperatures – specifically with the rising and setting of the sun (Bonsignore & Bellamy 
2007). Excessively high wind speeds can also inhibit flight (Bonsignore & Bellamy 
2007), and major wind changing events have even been known to shorten life cycles of 
cerambycids (Gandhi et al. 2007). 
Since climate and microclimate play such important roles in the life cycles of 
cerambycids (and other insects), it is not possible to interpret stratum preference without 
better understanding how microclimate conditions vary at different levels in the rain 
forest. Due to differing exposure to solar radiation, temperatures are higher and humidity 
is lower in the forest canopy (Barrios 2003). Because the canopy shades the understory, 
ground level only receives about 1% of full sun exposure (Ashton 1992). The canopy 
therefore functions as a buffer that prevents extreme conditions (Martius et al. 2004); 
understory temperatures are significantly lower than temperatures in canopy gaps 
(Defreitas & Enright 1995). 
I found that ground level in the rainy season was the coolest and most humid, 
while the canopy level in the dry season was the hottest and driest (Table 4). The 
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canopies of the taller tree species – in particular one individual of Lecythis poiteaui – 
reached higher temperatures and lower humidity levels than the shorter trees (Table 4). 
Within each 29-day interval, there was very little day-to-day variability. However, 
humidity levels were more variable in the dry season than the rainy season, with values in 
the rainy season remaining close to 100%. The canopy is generally windier and 
experiences higher wind speeds than the ground (Lee 1978). Although wind levels were 
variable in all partitions, I found that canopy level during the dry season was the 
windiest, while there was very little wind at ground level during either season (Table 4). 
Berkov and Tavakilian (1999) hypothesized that, during the rainy season, 
excessive moisture at ground level would leave the ground branches unsuitable for 
cerambycid colonization. Our data support this idea; ground level in the rainy season had 
the lowest temperatures and consistently high relative humidity, which would translate 
into higher levels of branch moisture content. Another hypothesis proposed by Berkov 
and Tavakilian (1999) was that lack of wind at ground level in the rainy season might 
prevent proper circulation of the volatile molecules that attract cerambycids to their host 
plants. Although I did find that the ground levels in both seasons were significantly less 
windy than the canopy, there was no significant difference between the dry season (when 
ground level branches were well colonized), and the rainy season (when ground branches 
were very sparsely colonized). Therefore, wind speed alone does not appear to affect 
branch colonization, although perhaps a combination of wind with other microclimate 
variables does. 
 Resource specialization can decrease competition when multiple species coexist 
in the same environment. Iwata et al. (2007) found that in two sympatric cerambycid 
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species, adult segregation depended on sunshine and temperature, while larval 
segregation depended on wood moisture content. In French Guiana, perhaps season and 
stratum specialists have developed different microclimate preferences to increase 
resource exploitation. 
Because the seasonal shifters were preferentially colonizing branches on the 
ground in the dry season and those in the canopy in the rainy season, I hypothesized that 
these two partitions would be most similar in microclimate. This turned out to be the case 
only for maximum temperature, but this might be a particularly informative variable if it 
represents the upper limit that cerambycids can tolerate. Although other microclimate 
variables were not most similar in the dry ground and rainy canopy partitions, it does 
appear that the shifters are selecting branches at intermediate microclimate values (Figure 
4). I did find that optimal VPD, T, and RH values could be estimated for the seasonal 
shifters. They were most abundant in branches exposed to temperatures that were 
relatively low, but where humidity levels remained high: mean VPD of 0 to 0.78 Pa, 
where 0 Pa corresponded to 22.7°C at 100% RH, while 0.78 Pa corresponded to 24.2°C 
at 91.9% RH (Figure 5).  
Microclimate at canopy level in the dry season was the hottest and driest: 
conditions that increase the possibility of desiccation (Linsley, 1959). Cerambycids that 
oviposit in the canopy level of the dry season (including dry season specialists/stratum 
generalists or season generalists/canopy specialists; Table 2) were able to tolerate these 
dryer conditions. 
Ground level in the rainy season was the coolest and wettest of all partitions. 
Although microclimate values appeared to fall within limits that should be suitable for 
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colonization by the seasonal shifters, excessive moisture appears to pose problems for 
cerambycid larvae that are trying to reach the cambium layer. Hanks et al. (1999) found 
that as bark moisture content increased, the proportion of larvae that reached their 
optimal feeding zone decreased. Excessively high substrate moisture content would 
decrease the availability of oxygen, and this could account for the paucity of beetles 
colonizing branches at ground level during the rainy season. Only two cerambycid 
species were reared in moderate abundance from rainy season ground branches (Ozineus 
sp., N = 52, and Genus sp. 50, N = 22; see Table 1). These emerged exclusively or 
preferentially from thin branches, where the substrate moisture content might be modified 
because thin branches had thinner bark, and were not in direct contact with the ground 
(Berkov, pers. comm.).  
 
Threats to cerambycid habitat 
Many cerambycid species select senescing trees (or branches) for oviposition. In 
neotropical forests they are early visitors to fallen trees: adults arrive within a matter of 
days, and their offspring initiate the conversion of plant biomass into animal and fungal 
biomass. Treefalls and felled trees represent nutrient pulses that are beneficial to 
xylophagous insects, but unless larvae are able to complete their life cycles before the 
slash is burned or otherwise removed, that boon will be short-lived.  
Larger scale forest clearing results in habitat fragmentation – a “landscape-scale 
process involving both habitat loss and the breaking apart of habitat” (Fahrig 2003). 
Numerous studies have demonstrated the deleterious effects of fragmentation on multiple 
aspects of insect life. Savilaakso et al. (2009) demonstrated that species richness, total 
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larval density, and herbivory rates were lower in fragment edges. The authors suggested 
that these changes were most likely due to different microclimatic variables at the 
fragments. Edges are exposed to greater temperature extremes, which may also explain 
the decrease in species richness (Chen et al. 1999). Fragmentation increases the 
likelihood of forest fires (Aragão et al. 2008), and exposed areas are more vulnerable to 
changes in climate (Laurance 1998). It has also been shown that fragmentation has an 
impact on insect oviposition site selection and offspring survival (Gibbs & Van Dyck, 
2009). These factors that affect offspring will, in turn, affect the population dynamics of 
insects. Gibbs and Van Dyck (2009) also suggested that fragmentation can decrease the 
reliability of environmental cues and cause larval crowding and increase resource 
competition. 
The VPD model demonstrates that seasonal shifters, which represent some of the 
dominant cerambycid species associated with trees in the Brazil nut family, prefer a 
narrow range of VPD, T, and RH. Temperatures would most likely increase at the edges 
of forest fragments, while RH would decrease – diverging from the optimal conditions I 
measured for the shifters. 
Global climate change is another potential threat to the insects of this study. Many 
believe that global warming will, and already has, changed the dynamics of the insect 
world (Bale et al. 2002). Most global climate models predict that, coupled with 
deforestation, there will be a substantial decrease in rainfall in the Amazon Basin (Betts 
et al. 2008). With the combined effects of decreased rainfall and increased temperature, 
rain forests will become more sensitive to drastic changes in moisture availability in the 
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soil (Laurance 1998). Less moisture available in the ground will inhibit growth of the 
forest and its trees (Mori, in press). 
Montane organisms – including insects – already appear to be changing their 
distributions in response to warming temperatures. Chen et al. (2009) found that average 
altitudes of geometrid moth species on Mt. Kinabalu in Borneo increased by a mean of 67 
m over a 46-year period. The authors proposed that as temperatures have increased, the 
moths have tracked their optimal temperatures by migrating up a vertical gradient in the 
mountain range. Although both climate and microclimate within the rain forest may 
change as a result of global warming, at least some cerambycid species are likely to track 
their optimal conditions.  
Like the geometrid moths, the seasonal shifters of this study may be able to adapt 
to changing conditions by migrating up or down the trees.  There may, however, be limits 
to this strategy because dead wood is a patchily distributed resource that would not 
necessarily be found scattered at varying heights throughout the forest. Significantly 
hotter, dryer conditions might not favor the seasonal shifters, which seldom colonize 
canopy branches during the dry season (Table 1), but might enable canopy or dry season 
specialists to exploit a broader range of resources. On the other hand, because very few 
cerambycids colonized ground level branches during the rainy season, increased rain 
forest precipitation could have a more severe impact on both cerambycid populations and 
nutrient cycling.    
Different species of beetles demonstrate different microclimate tolerances and 
preferences. With the threat of forest destruction and global warming, conditions are 
rapidly changing. Although some species may be able to endure, and maybe even thrive, 
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in these altered conditions, other species may not be able to survive. It is essential that 
optimal conditions of these species are studied, to provide a better understanding of these 
beetles that play such an important role in the nutrient cycles and food webs of 
diminishing rain forests.  
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Figure 1. Daily rainfall in Les Eaux Claires, French Guiana (Aug 2007-July 2008). Boxes 
indicate the 29-day spans for each season during which microclimate data collected were 
analyzed. Twenty-nine day intervals were included in the microclimate analyses (these 
probably represent the periods when cerambycid mating and oviposition occurred). Open 












Figure 2. Season and stratum distribution of cerambycid beetles reared in French Guiana 
(2007-2008). The number of beetle emergences from ground branches were divided by 
three (because there were three ground branches for each canopy branch); and then 













Figure 4. Comparison of mean maximum temperature (top), minimum relative humidity 
(middle), and number of wind gusts (bottom) recorded in each of the four partitions (Dry 
Ground, Rainy Canopy, Dry Canopy, and Rainy Ground). Partitions significantly 








Figure 5. The abundance of seasonal shifters and mean VPD values. The proportion of 
beetles has been transformed (angular). Symbols indicate the four data partitions: Square  





Table 1. Cerambycid species reared from Lecythidaceae at Les Eaux Claires, French Guiana, 2007-2008. 
 
    Host Planta Season & Stratumb 
Cerambycid Species 
Total # 









Eburodacrys sulphureosignata (Erichson) 14 14 - - 7 7 - - 
Eupromerella clavatar (Fabricius) 3 - - 3 3 - - - 
Mecometopus triangularis (Laporte & Gory) 14 1 13 - 13 - 1 - 
Nealcidion badium Monné & Delfino 3 - - 3 - - 3 - 
Neobaryssinus altissima Berkov & Monné 166 1 165 - 1 44 4 116 
Neoeutrypanus mutilatus (Germar) 27 18 9 - 8 17 - 2 
Neoeutrypanus nobilis (Bates) 5 5 - - - 5 - - 
Oedopeza leucostigma Bates 50 50 - - 22 2 9 17 
Oreodera simplex Bates 52 52 - - 40 - 10 2 
Ozineus sp. 85 85 - - 25 2 52 6 
Palame anceps (Bates) 705 704 1 - 565 42 3 95 
Palame crassimana Bates 'bicolor'c 191 19 172 - 104 9 1 77 
Palame crassimana Bates 'olivacious'c 24 23 1 - - - - 24 
Palame crassimana Bates 'unicolor’c 121 120 - 1 8 15 1 95 
Palame mimetica Monné ‘runt’d 98 47 49 1 20 7 1 69 
Periboem pubescens (Olivier) 147 3 144 - 71 75 3 1 
Pseudoeriphus sp. 1 - 1 - - 1 - - 
Pseudosparna flaviceps (Bates) 3 - - 3 - - 3 - 
Psuedosparna sp. 7 3 - 4 1 - 4 2 
Xenofrea rogueti Néouze & Tavakilian 1 1 - - - - 1 - 
Xenofrea magdalenae Néouze & Tavakilian 1 1 - - - 1 - - 
Xylergates elaineae Gilmour 65 65 - - 24 2 1 38 
!
37 
Xylergates pulcher Lane 1 - 1 - 1 - -   
Genus sp. 50 24 24 - - 2 - 22 - 
Genus sp. 51 1 - 1 - 1 - - - 
Total 1809 1236 557 15 916 229 119 544 
a N individuals reared from each of the three host trees (EC: Eschweilera coriacea, LP: Lecythis poiteaui, and GH: Gustavia 
hexapetala). 
b N individuals reared at each stratum (either ground or canopy) in each season (either dry or rainy). 
c These represent three forms of P. crassimana that are genetically distinct, and considered cryptic species, but have not yet been 
described (Berkov, 2002; Berkov, unpublished data). 





Table 2. Season and stratum specialists, generalists, and shifters. 
 
Species Season specialista Stratum specialista Shifterb 
Mecometopus triangularis dry ground   
Eburodacrys sulphureosignata dry generalist   
Neoeutrypanus mutilatus dry generalist   
Periboem pubescens dry generalist   
Genus sp. 50 rainy ground   
Palame crassimana 'olivacious' rainy canopy   
Oreodera simplex generalist ground   
Ozineus sp. generalist ground   
Neobaryssinus altissima generalist canopy   
Palame crassimana 'unicolor' generalist canopy   
Oedopeza leucostigma generalist generalist yes 
Palame anceps generalist generalist yes 
Palame crassimana 'bicolor' generalist generalist yes 
Palame mimetica ‘runt’ generalist generalist yes 
Xylergates elaineae generalist generalist yes 
a Species were deemed specialists if 90% or more of the individuals emerged from a specific season or stratum. 
b Species designated seasonal shifters emerged in greater abundance from branches at ground level during the dry season, but from 




Table 3. Seasonal shift in stratum. 
 
 Stratum Branch N (%)a Ind. Observedb Ind. Expectedc Ratio obs./exp.d 
Dry Season Canopy 8 (33) 230 287.25 0.801 
 Ground 24 (66) 919 861.75 1.066 
Rainy Season Canopy 8 (33) 545 165.75 3.288 
 Ground 24 (66) 118 497.25 0.237 
a N branch sections collected at each stratum (% all available branch sections). 
b N cerambycids emerged. 
c Expected N emergences (assuming they are proportional to N available branch sections). 






Table 4. Microclimate at ground and canopy stratum. 
 
  EC 80 EC D LP T LP U Mean P-valuea 
Temperature (°C)               
Minimum        
 Dry Ground 21.3 ± 0.7 21.3 ± 0.7 21.4 ± 0.7 21.4 ± 0.6 21.4 ± 0.7 
 Dry Canopy 21.2 ± 0.8 21.2 ± 0.8 21.3 ± 0.8 21.6 ± 0.8 21.3 ± 0.8 
 Rainy Ground 21.4 ± 0.6 21.4 ± 0.6 21.6 ± 0.4 21.3 ± 0.5 21.4 ± 0.5 
 Rainy Canopy 21.5 ± 0.6 21.3 ± 0.6 21.2 ± 0.5 21.5 ± 0.5 21.3 ± 0.6 
NS 
Maximum        
 Dry Ground 28.3 ± 1.1b 29.1 ± 1.0a 29.0 ± 1.1a, b 28.7 ± 0.9a, b 28.8 ± 1.1 
 Dry Canopy 30.7 ± 0.9a 31.7 ± 2.0a 33.8 ± 2.1b 31.3 ± 0.9a 31.9 ± 1.9 
 Rainy Ground 24.7 ± 0.8 25.1 ± 1.2 24.8 ± 0.9 24.7 ± 1.0 24.8 ± 1.0 
 Rainy Canopy 26.5 ± 1.5a 26.8 ± 1.4a 28.5 ± 1.9b 26.1 ± 1.3a, b 27.3 ± 1.8 
<0.0001 
Mean        
 Dry Ground 24.0 ± 0.7 24.1 ± 0.7 24.3 ± 0.7 24.2 ± 0.7 24.1 ± 0.7 
 Dry Canopy 24.8 ± 0.9a 24.9 ± 0.9a, b 25.5 ± 1.0b 25.4 ± 1.0a, b 25.2 ± 1.0 
 Rainy Ground 22.7 ± 0.4 22.8 ± 0.4 22.8 ± 0.5 22.6 ± 0.5 22.7 ± 0.5 
 Rainy Canopy 23.1 ± 0.7 23.1 ± 0.6 23.3 ± 0.8 22.6 ± 0.4 23.1 ± 0.7 
<0.0001 
Relative Humidity (%)               
Minimum        
 Dry Ground 73.4 ± 9.5a 68.6 ± 9.1a 64.1 ± 8.1b 66.1 ± 8.8a, b 68.2 ± 9.5 
 Dry Canopy 58.4 ± 6.5a 54.8 ± 8.4a 48.4 ± 7.1b 56.7 ± 6.3a 54.6 ± 8.0 
 Rainy Ground 100 ± 0 96.8 ± 7.8 98.2 ± 4.8 96.4 ± 7.3 97.8 ± 6.0 
 Rainy Canopy 89.4 ± 10.9 96.4 ± 7.8 96.7 ± 7.1 98.7 ± 2.3 95.0 ± 8.7 
<0.0001 
Maximum        
 Dry Ground 100 ± 0 100 ± 0 100 ± 0 100 ± 0 100 ± 0 NS 
!
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 Dry Canopy 100 ± 0 100 ± 0.1 99.8 ± 0.7 100 ± 0 99.9 ± 0.4 
 Rainy Ground 100 ± 0 100 ± 0 100 ± 0 100 ± 0 100 ± 0 
 Rainy Canopy 100 ± 0 100 ± 0 100 ± 0 100 ± 0 100 ± 0 
 
Mean        
 Dry Ground 94.8 ± 2.7a, b 93.8 ± 2.7a 91.3 ± 3.7c 91.9 ± 3.7a, c 93.1 ± 3.5 
 Dry Canopy 88.5 ± 4.5a 87.5 ± 5.0a 83.6 ± 6.4b 86.1 ± 5.7a, b 86.4 ± 5.7 
 Rainy Ground 100 ± 0 99.6 ± 1.0 99.9 ± 0.2 99.5 ± 1.2 99.8 ± 0.8 
 Rainy Canopy 98.1 ± 3.0 99.8 ± 0.7 99.9 ± 0.3 99.9 ± 0.1 99.4 ± 1.6 
<0.0001 
Wind Speed               
Mean N Gusts        
 Dry Ground 1 ± 1.4a, b 1.4 ± 1.7a 0.8 ± 1.0a, b 0.2 ± 0.7b 0.9 ± 1.3 
 Dry Canopy 3.9 ± 3.0a 11.1 ± 6.4b 19.1 ± 9.8c 17.9 ± 7.1c 13 ± 9.2 
 Rainy Ground N/A 0a 2.5 ± 3.8b 0.5 ± 0.8a 1.0 ± 2.5 
 Rainy Canopy 3.8 ± 4.1a 2.0 ± 2.4a 10.9 ± 7.4b 1.3 ± 1.5a 5.6 ± 6.5 
<0.0001 
Maximum Velocity (km/h)        
 Dry Ground 2.9 ± 0.8 2.0 ± 1.0 2.4 ± 0.7 1.7 ± 0.1 1.7 ± 0.1 
 Dry Canopy 2.9 ± 1.1a 4.6 ± 2.4b 7.4 ± 2.8c 4.8 ± 1.5b 4.8 ± 1.5b 
 Rainy Ground N/A 0 2.4 ± 0.9 2.4 ± 0.8 2.4 ± 0.8 
 Rainy Canopy 2.4 ± 0.7a 2.5 ± 1.1a 4.9 ± 3.5b 2.3 ± 0.3a, b 2.3 ± 0.3a, b 
<0.0001 
Mean Velocity (km/h)        
 Dry Ground 2.2 ± 0.4a, b 1.6 ± 0.4b 2.3 ± 0.7a 1.5 ± 0a, b 1.9 ± 0.6 
 Dry Canopy 2.2 ± 0.6a 2.4 ± 0.5a, b 2.6 ± 0.5b 2.2 ± 0.3a 2.3 ± 0.5 
 Rainy Ground N/A 0 1.9 ± 0.5 2.3 ± 0.6 2.0 ± 0.7 
 Rainy Canopy 1.8 ± 0.3 2.1 ± 0.8 2.4 ± 0.8 2.1 ± 0.6 2.2 ± 0.7 
0.002 
Minimum, maximum, and mean values are shown for T and RH (all values are expressed as mean ± SD). Wind speed is shown as N 
gusts detected, and maximum and mean velocity. Data were included from a span of 29 days after the bait branches were cut. (N/A =  
missing data due to meter failure) 
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aANOVA was conducted to test for significant differences among the four data partitions (Dry Ground, Dry Canopy, Rainy Ground, 
Rainy Canopy), followed by post-hoc Tukey HSD pair-wise comparisons to detect differences among meters within a particular 
partition. Meter data that are significantly different are labeled with different letters. 
